Strengths and limitations of this study ► Our study population came from two databases, including one national representative sample derived from the China Health and Retirement Longitudinal Study (CHARLS), making our results highly generalisable to the national rural population of China. ► C-reactive protein (CRP) was an objective measure performed by health professionals using validated methods, making it more reliable than subjective measures. ► Cross-sectional study design prevented us from making causal inferences. ► Convenience sampling in the Nanping project and the relatively large proportion of CHARLS participants with missing values in CRP may have introduced bias. ► Residual confounding or hidden bias cannot be ruled out due to lack of information on some potential confounders, such as clinical cardiovascular risk factors (e.g., High-density lipoprotein cholesterol(H-DL-C); Hemoglobin A1c (HbA1c)), acute inflammatory conditions and medication use.
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AbStrACt
Objectives This study aims to examine the association between self-rated health (SRH) and levels of C-reactive protein (CRP) among adults aged 45 to 101 years old in rural areas of China, and to explore the role of education in the association.
Design Cross-sectional study.
Setting The study population was derived from two databases in China: Nanping project (NP) and the China Health and Retirement Longitudinal Study (CHARLS). Participants There were 646 participants from a rural area of Nanping (NP) and 8555 rural participants from a national representative sample of China (CHARLS).
Methods CRP was measured using a high sensitivity sandwich enzyme immunoassay in the NP and immunoturbidimetric assay in the CHARLS. SRH was assessed by SRH questionnaires and categorised into good and poor. Education was measured by the maximum years of schooling and dichotomised into illiterate and literate. Multivariate linear regression models were used to study the associations. results Compared to people with good SRH, those with poor SRH had higher levels of CRP in NP (β=0. 16 , 95% CI −0.02 to 0.34) and in CHARLS (β=0.07, 95% CI 0.02 to 0.11) after adjusting for potential confounders. Similar findings were observed in the pooled population (β=0.08, 95% CI 0.03 to 0.12), especially in men (β=0.13, 95% CI 0.06 to 0.20) and in literate people (β=0.12, 95% CI 0.06 to 0.18).
Conclusion Poor SRH may be a predicator of elevated levels of CRP among middle-aged and older people in rural areas, especially in men and literate people.
IntrODuCtIOn
C-reactive protein (CRP), a marker of systemic inflammation, has been shown to be involved in crucial pathogenesis in a variety of negative health outcomes, including cardiovascular diseases, 1 2 diabetes, 3 cancer 4 and cognitive decline. 5 Since the value of CRP in the prediction of prognoses in health outcomes has been recognised, it is important, from a public health perspective, to identify people at risk of elevated CRP in an efficient and simple way.
Self-rated health (SRH) refers to an individual's subjective perception of his/her own health and can be easily measured. Despite this, SRH has been featured as a strong predictor for functional ability, 6 chronic diseases 7 and mortality. 8 9 Therefore, many health authorities have introduced SRH for surveillance. 10 The association between SRH and CRP has been examined in previous studies, but the results were inconsistent. [11] [12] [13] [14] These discrepancies may be due to differences in characteristics of the study populations (e.g., age and sex) and study design. For example, a Japanese study demonstrated an association between poor SRH and an elevated CRP value in women, but not in men (age range 40-69). 14 In contrast, in an US sample of younger adults (mean age 28.42±1.78), current SRH was not associated with CRP in women, whereas the association was shown in men. 13 Among hospital-based studies, poor SRH was associated with higher CRP in female patients with coronary heart disease, 12 but not in patients with breast cancer. 15 In community-based studies, there has been a cross-sectional association between SRH and CRP, 13 14 but no evidence indicating longitudinal association. 16 As SRH measures personal perception of health, it can be influenced by other factors beyond the real health status. For example, people with different educational levels may have different perceptions of health. 17 This education-related difference in perception of health may further play a role in the association between SRH and health outcomes. Indeed, a stronger association between SRH and mortality among higher educated than lower educated individuals has been shown in two studies. 18 19 Since CRP has been recognised as an important predicator of mortality, 20 education seems to modify its relationship with SRH. 21 It is noteworthy that studies concerning the association between SRH and CRP were mostly conducted in developed countries where the study populations were relatively well educated. [11] [12] [13] [14] To our knowledge, no study has focused on the difference in the association between SRH and CRP between illiterate and literate people. In China, despite the decrease in illiteracy from 1990 to 2010, there continues to be large difference between urban and rural areas: the rate of illiteracy in rural areas is two times more than that of urban areas. 22 Considering the lack of resources in rural areas, identifying people at risk of negative health outcomes using a simple measure such as SRH is warranted.
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In this study, we use two databases from China to examine the association between SRH and CRP among middle-aged and older people in rural areas, and to explore whether the SRH-CRP association varies across age (45-60/≥60), sex (men/women) and educational levels (illiterate/literate).
MethODS

Study population
Nanping project (NP) NP is a 2015, voluntary participation, cross-sectional study consisting of residents aged 18 years or older from one county of Nanping City in Fujian Province, China. Seven villages were selected based on recommendations from local health workers, since the residents in these areas are known to be highly cooperative.
As showed in figure 1 , a total of 797 people were enrolled in the NP. To match with the age range of study population from the CHARLS, we excluded 98 participants under 45 years old. Those with CRP concentrations higher than 6.25 mg/L in dried blood spots (DBS), which is comparable to 10 mg/L at serum level 23 (n=25), were excluded due to potential acute inflammatory conditions. After further excluding people with missing information on CRP (n=2), SRH (n=25) and on both CRP and SRH (n=1), 646 people remained in this study.
China Health and Retirement Longitudinal Study (CHARLS)
The CHARLS is a nationally representative longitudinal study. Eligible people were selected through a multistage probability sampling, and detailed descriptions of sampling method are provided in the users' guide. 24 In this study, we used data from the baseline survey in 2011 because the CRP data were only available in that year. This is a secondary analysis of the CHARLS public database.
Overall, 17 430 people were examined at baseline (figure 1). People who lived in communities, or in both villages and communities (n=4562), and had CRP >10 mg/L (n=429) were excluded. We further excluded people with missing data on CRP (n=3810), SRH (n=28) and on both CRP and SRH (n=46). Finally, 8555 (69%) people were included in the analytical sample.
Self-rated health (Srh)
SRH was assessed by one question: 'In general how would you rate your health?' Response options were 'good', 'average', 'poor' and 'very poor'.
C-reactive protein (CrP) NP
Finger prick blood samples were collected by health workers using a filter paper, known as DBS. We kept the DBS at room temperature for a few days after being desiccated during the investigation period, then stored them in the Fujian Medical University at -20°. We used high sensitivity sandwich enzyme immunoassay method to measure CRP concentrations by applying monoclonal antibodies. 23 Further details of the protocols have been presented elsewhere. 25 
CHARLS
The venous blood samples were collected by trained staff from local Chinese Center for Disease Control and Prevention (China CDC). Plasma samples were collected and preserved in 0.5 mL cryovial at −20°C, delivered to Beijing CDC within 2 weeks. Plasma CRP was determined by the immunoturbidimetric assay method at Capital Medical University. 26 Open access
Covariates
In both cohorts, all participants were interviewed faceto-face by trained interviewers using a questionnaire that covers information on age, sex, education, marital status, smoking, alcohol consumption and health status. Height and weight were measured by interviewers using standard anthropometers.
Education level was determined by maximum years of schooling: 0 year (illiterate), 1-6 years (elementary school), 7-9 years (junior high school), 10-12 years (senior high school) and >12 years (college or above). Due to the fact that more than 30% of both the NP and CHARLS samples were illiterate, we dichotomised education into 0 year (illiterate) and >0 year (literate). Age was dichotomised as 45-60 years versus ≥60 years old, and marital status as married versus non-married. Body mass index (BMI) was calculated by dividing weight (kg) by height squared (m 2 ) and categorised as underweight (<18.5), normal weight (18.5-24.99), overweight (25-29.99 ) and obese (≥30). Smoking was dichotomised into current smokers and non-current smokers (including former smokers). Alcohol consumption was categorised as regular drinkers (more than three times per week) and non-regular drinkers.
Health status was measured by asking the participants whether they had any moderate/severe disease symptoms (e.g., fever) in the last month, or used antihypertensive or antidiabetic medications in the NP, and whether they had ever been diagnosed by a doctor with any diseases (e.g., hypertension), or often suffered from any pain currently in CHARLS. People answering positively were categorised as unhealthy, otherwise healthy.
Statistical analysis
First, data from the NP and CHARLS were analysed separately. We applied one-way analysis of variance (ANOVA) to examine the differences of CRP in characteristics in each data set by using F-distribution. The CRP variable was log-transformed because it was not normally distributed. The association between SRH and CRP was estimated by β-coefficient and a 95% CI using linear regression in two data sets. The first estimate was respective; in the second, data sets were pooled. Fixed-effect meta-analysis was used to examine the heterogeneity. Then we re-ran the linear regression using the pooled data set.
Age, sex and education were introduced into the basicadjusted model. Further, we additionally adjusted for marital status, smoking, alcohol consumption, BMI and health status. 27 28 All analyses were repeated in the stratified analyses by age, sex and levels of education.
In order to compare our results with previous studies that included participant with formal education only, we performed additional linear regression analysis stratified by age and sex among illiterate and literate participants separately.
All statistical analyses were performed with Stata V.13.0 (Stata Corp).
Patient and public involvement
There were no participants involved in the development of this study.
reSultS
Characteristics of the participants
The CRP levels across different characteristics of participants were compared in each data set separately. Table 1 shows that in both data sets that people with advanced age, higher BMI, poorer SRH or an unhealthy status were more likely to have elevated levels of CRP. The findings were inconsistent with sex, education, marital status, smoking and alcohol consumption in the two data sets. People with missing CRP values in NP and CHARLS were better educated and reported better health status compared with those who remained in the analyses (online supplementary tables S1 and S2). Table 2 presents the association between SRH and CRP in the two individual populations. In the NP, a borderline statistically significant association was observed between very poor SRH and elevated levels of CRP (β=0.39, 95% CI −0.07 to 0.85) in basic-adjusted model, while the association was attenuated after adjusting for confounders (β=0.29, 95% CI −0.15 to 0.73). Despite insignificance, the estimated effect of SRH started to change direction from average SRH (β=−0.05) to poor SRH (β=0.10). In CHARLS, poor and very poor SRH were both associated with higher CRP (β=0.06, 95% CI 0 to 0.12; β=0.11, 95% CI 0.01 to 0.22). Considering the same pattern in both two data sets that poor and very poor SRH have similar effect on CRP and so as good and average SRH, and that there are limited number of participants with very poor SRH in NP, we combined 'good' and 'average' as good SRH, 'poor' and 'very poor' as poor SRH. Further, we found that poor SRH was associated with higher levels of CRP both in NP (β=0.16, 95% CI −0.02 to 0.34) and CHARLS (β=0.07, 95% CI 0.02 to 0.11) (table 2).
Srh and CrP
As the same direction of effect of estimate and a very low level of heterogeneity (I-squared <0.001%) were observed in the two data sets (data not shown), we pooled the data and re-ran the linear regression analyses in the combined populations. The association between poorer SRH and higher CRP was observed in the pooled population (β=0.08, 95% CI 0.03 to 0.12) (table 2).
the roles of age, sex and education in the association between Srh and CrP The association between SRH and CRP stratified by age, sex, education is shown in figure 2 . In middle-aged people, worse SRH was associated with higher CRP both in NP (β=0.42, 95% CI 0.14 to 0.71) and CHARLS (β=0.06, 95% CI −0.01 to 0.12). Among older people, a similar trend was observed in CHARLS (β=0.08, 95% CI 0.02 to 0.15), but not in the NP. When stratified by sex, we found a statistically significant SRH-CRP association among men both in NP (β=0.27, 95% CI −0.03 to 0.57) and CHARLS (β=0.12, 95% CI 0.05 to 0.19), but not in women. In a stratified analysis by education, the association between SRH and CRP was seen in literate people both in NP (β=0.26, 95% CI 0.02 to 0.51) and CHARLS (β=0.11, 95% CI 0.05 to 0.16), but not in illiterate people.
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In the pooled population, the SRH-CRP association was repeated in the middle-aged (β=0.08, 95% CI 0.02 to 0.14), older people (β=0.08, 95% CI 0.02 to 0.15), men (β=0.13, 95% CI 0.06 to 0.20) and literate people (β=0.12, 95% CI 0.06 to 0.18) (figure 2).
Additional analyses
Identical trends with respect to the modifying effect of age and sex on the association between SRH and CRP were observed among literate people, but not among illiterate people (online supplementary table S3). 
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DISCuSSIOn
In this study, based on 9201 residents in rural area of China, we found that poor SRH was associated with an elevated level of CRP in middle-aged and older people, especially among men and literate people. Our finding of the association between poorer SRH and higher CRP level was in line with results from previous studies that included participants at similar age as our study participants. 11 14 Yet, those studies mainly included people living in industrialised countries with higher education, while our participants resided in less developed country with features of low literacy.
Possible pathways linking poor SRH and an elevated level of CRP could be related to psychological stress and health behaviours. Poor SRH may reflect a poor physical (e.g., inaccessibility to health service) and social (e.g., limited social network) environment, which can limit one's coping ability and induce psychological stress. It is known that stress can activate the sympathetic nervous system and the hypothalamic-pituitary-adrenal axis, contributing to the production of stress hormones, which in turn increase the secretion of CRP. 29 30 In addition, people with poor SRH were less likely to have an active lifestyle. 31 Having an inactive lifestyle has been suggested to potentially weaken the immune system and facilitate the inflammation processes through the release of pro-inflammatory adipokines. 32 It is notable that poor SRH was associated with an elevated CRP level in literate participants, but not in illiterate participants, which was consistent with one previous study. 21 Similar findings were also shown in studies focusing on SRH and mortality. 18 19 One of the possible explanations may be that illiterate people are often lack of health-related knowledge and access to healthcare, 17 and thus may misinterpret the feeling that they have in their bodies. 33 It has been shown that poor SRH in the less educated people mainly represents less serious diseases. 34 In our study, we also found that illiterate people were more likely to rate their health as poor and to report illness or pain both in NP and CHARLS. Moreover, illiterate people may have to withstand more pressure as they have less social and financial resources. Thus, other factors may contribute to the reported poor SRH, rather than actual health condition.
We found that SRH-CRP associations were only observed in men, but not in women, which may be due to the potential sex differences in reporting SRH. Previous studies have shown that the poor SRH in women can reflect both serious and non-serious diseases, whereas it tends to reflect serious diseases in men. 35 Broad dimensions of health perceptions may lead to less accurate SRH in women. In addition, the proportion of illiterate people among women is much higher than that among men in Open access Figure 2 β-coefficient and 95% CI of CRP in relation to poor self-rated health from linear regression models stratified by age, sex and education in NP, CHARLS, and the pooled populations of the two data sets. SRH is dichotomised as poor to very poor versus good to average. When stratified by age, models are adjusted for sex, education, marital status, smoking, alcohol consumption, BMI, health status; when stratified by sex, models are adjusted for age, education, marital status, smoking, alcohol consumption, BMI, health status; when stratified by education, models are adjusted for age, sex, marital status, smoking, alcohol consumption, BMI, health status. *The average CRP changes in response to one-unit shift in SRH. BMI, body mass index; CHARLS, China Health and Retirement Longitudinal Study; NP, Nanping project; SRH, self-rated health.
both data sets. This may explain the inconsistent findings between our study (6% participants with more than 9 years of schooling) and the Iwate-KENCO study from Japan, in which the corresponding figure was 46%. 14 Findings from two data sets were not completely consistent. The association between poor SRH and elevated CRP values among older people (aged ≥60 years) was observed in CHARLS, but not in NP. In both populations, poor SRH was only associated with higher CRP in men, not in women. One of the explanations for these findings may be related to educational levels in the two study populations. Indeed, the proportion of illiterate people was relatively higher in older adults in NP (76.2%) than in CHARLS (58.3%), and there was a higher proportion of illiterate people in women in both populations. Second, we observed similar age and sex differences in the associations between SRH and CRP among the literate: poor SRH was associated with elevated CRP values, especially in men, which was the same as the main results. This suggests that education might play a role in the SRH-CRP association.
The strengths of this study include the objective measure of CRP, the use of two different study populations to increase the confidence of our findings, and the high generalisability of our results to rural population of China given the use of national representative sample, CHARLS.
There are several limitations that should be considered. First, the cross-sectional study design prevented us from making causal inferences. Second, CRP was evaluated using different methods in NP and CHARLS. Nevertheless, the association between SRH and CRP did not differ between the two cohorts. Third, the self-reported SRH and some of the covariates may introduce reporting bias. Fourth, selection bias may arise due to the use of convenience sampling in NP. However, the results from NP were similar to those from CHARLS, which is a national representative sample. Finally, residual confounding or hidden bias cannot be ruled out due to lack of information on some potential confounders, such as clinical cardiovascular risk factors (e.g., High-density lipoprotein cholesterol (HDL-C); Hemoglobin A1c (HbA1c)), acute inflammatory conditions and medication use.
This study provides evidence that SRH, a simple measurement, may be used as an indicator of bad physical health among middle-aged and older literate people, but not among the illiterate people, in rural area. In China, the implementation of health surveillance is more challenging in rural than in urban areas because of the discrepant ageing processes, 36 knowledge gaps 22 and income inequality between these two areas. Elevated CRP has been associated with various physical 1-4 and psychological health outcomes. 37 38 Thus, our results support the consideration of using an efficient and cost-effective way, such as SRH, to monitor the health status in rural population where medical resources are limited. Future studies are needed to confirm our results and extend these findings to larger and more diverse populations. Moreover, identification of simple health indicators for illiterate people is warranted.
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